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We investigate the spin Hall magnetoresistance (SMR) at room temperature in thin film het-
erostructures of antiferromagnetic, insulating, (0001)-oriented α-Fe2O3 (hematite) and Pt. We
measure their longitudinal and transverse resistivities while rotating an applied magnetic field of
up to 17 T in three orthogonal planes. For out-of-plane magnetotransport measurements, we find
indications for a multidomain antiferromagnetic configuration whenever the field is aligned along
the film normal. For in-plane field rotations, we clearly observe a sinusoidal resistivity oscillation
characteristic for the SMR due to a coherent rotation of the Ne´el vector. The maximum SMR
amplitude of 0.25% is, surprisingly, twice as high as for prototypical ferrimagnetic Y3Fe5O12/Pt
heterostructures. The SMR effect saturates at much smaller magnetic fields than in comparable
antiferromagnets, making the α-Fe2O3/Pt system particularly interesting for room-temperature an-
tiferromagnetic spintronic applications.
I. INTRODUCTION
Despite lacking a net macroscopic magnetization, anti-
ferromagnetic (AF) materials have moved into the focus
of spintronics research [1–4]. Although L. Ne´el stated
about 50 years ago that antiferromagnets “are extremely
interesting from the theoretical viewpoint, but do not
seem to have any applications” [5] this class of mate-
rials brings along two important advantages compared
to ferromagnets: (i) they enable a better scalability and
a higher robustness against magnetic field perturbations
[1–3] and (ii) they offer orders of magnitudes faster dy-
namics and thus switching times [6, 7]. Accordingly,
AF spintronics emerged rapidly and brought out impor-
tant developments ranging from random access memory
schemes [8, 9] and the discovery of the spin colossal mag-
netoresistance [10] in magnetoelectric antiferromagnets
via synthetic antiferromagnetic spintronic devices [11, 12]
to the demonstration of long-range magnon spin trans-
port in intrinsic antiferromagnets [13]. From an applica-
tion perspective, both switching the AF state as well as
reading out the AF sublattice magnetization orientations
are important challenges. It is evident that the vanish-
ing net moment and the very small stray fields in AF
materials call for new magnetization control and read-
out strategies.
Spin currents [14] were shown to interact with individ-
ual magnetic sublattices via spin transfer torques, also
in antiferromagnets [15–18]. A particular manifestation
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of spin torque physics is the dependence of the resis-
tivity of a metallic thin film with large spin-orbit cou-
pling on the direction of the magnetization in an adja-
cent material with long range magnetic order, denoted as
spin Hall magnetoresistance (SMR) effect [19–22]. Fol-
lowing earlier results in all-metallic systems [23], the
SMR was first established in oxide spintronics [24] for
insulating, collinear ferrimagnetic Y3Fe5O12/Pt bilayers
[19–21]. Upon rotating the magnetization in the mag-
net/metal interface plane, the SMR appears as a sinu-
soidal oscillation of the Pt resistivity, characterized by
a specific amplitude and a phase. In compensated ferri-
magnetic YGd2Fe4InO12/Pt heterostructures, the pro-
nounced temperature dependence of the SMR phase
demonstrated the sensitivity of the effect to the individ-
ual canted Fe3+ sublattice magnetizations [25]. Recently,
the SMR effect was also identified in AF heterostruc-
tures. In spite of their zero net magnetization, the AF
ordered magnetic sublattices contribute individually, re-
sulting in a non-zero SMR. As the sublattice magnetiza-
tions are orthogonal to the applied magnetic field, a phase
shift of 90◦ was reported for the SMR in NiO/Pt [26–28]
and Cr2O3/Ta [29] as well as all-metallic PtMn/Pt [30]
and PtMn/W [30] compared to that in the prototypical
ferrimagnetic Y3Fe5O12/Pt heterostructures. The SMR
amplitude is still a matter of debate, since various ex-
trinsic as well as intrinsic parameters play a crucial role
[17, 31, 32] and some authors report a non-zero ampli-
tude even above the respective magnetic ordering tem-
peratures [33, 34].
In this Article, we substantially complement the SMR
data available for AF insulators by investigating α-
Fe2O3/Pt. We find a surprisingly large SMR ampli-
tude of 0.25%, much higher than in AF NiO/Pt [27] and
twice as large as in Y3Fe5O12/Pt [21]. This finding sup-
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FIG. 1. Structural properties of the investigated α-Fe2O3/Pt
heterostructure fabricated on a (0001)-oriented Al2O3 sub-
strate. (a) 2θ-ω-scan along the [0001]-direction of Al2O3.
The upper inset shows the scan on an enlarged scale to-
gether with the expected position of the Pt(111) reflection
(vertical dashed line). The lower inset displays the rocking
curve around the α-Fe2O3(0006) reflection with a full width
at half maximum of only 0.027◦. (b) Reciprocal space map-
ping around the (1 0 1 10) reflections. The reciprocal lattice
units (rlu) are related to the Al2O3 substrate reflection.
ports the picture that both AF sublattices contribute to
the SMR at the interface, regardless of the material’s
net magnetization. The large SMR amplitude together
with a moderate saturation field of ∼ 3 T establishes α-
Fe2O3/Pt as a viable future SMR source and paves the
way towards room temperature antiferromagnetic spin-
tronic applications.
II. THIN FILM DEPOSITION AND
STRUCTURAL CHARACTERIZATION
The electrical insulator α-Fe2O3 (hematite) crystal-
lizes in a rhombohedral structure and can be described
in the hexagonal system with the lattice constants a =
0.5032 nm and c = 1.3748 nm [35]. In bulk, it exhibits
a Ne´el temperature of TN = 953 K and undergoes a spin
reorientation (“Morin” transition) at TM ≈ 263 K [36].
For TM < T < TN and in the absence of an external
magnetic field, the S = 5/2 spins of the Fe3+ ions are or-
dered ferromagnetically in the (0001) planes. Along the
crystallographic [0001] direction, these easy planes form
a “+ − −+” sequence, resulting in a net AF order [37].
A finite anisotropic spin-spin (“Dzyaloshinskii-Moriya”)
interaction [38, 39] leads to a small canting of the two
AF sublattice magnetizations M1 and M2 with a cant-
ing angle of 0.13◦ ± 0.01◦ [40]. This results in a small
net magnetization M = M1 + M2 in the (0001) plane.
Similar to the situation in NiO [27], α-Fe2O3 displays
three AF domains rotated by 120◦ with respect to each
other [41, 42] and a domain population dependent on the
direction and magnitude of the external magnetic field
[42]. The mono-domainization field µ0HMD is reported
to be above 600 mT [42].
Since thin films are key for applications, we here study
α-Fe2O3/Pt bilayer heterostructures, fabricated on single
crystalline, (0001)-oriented Al2O3 substrates. Using our
pulsed laser deposition setup described in Ref. [43], we
first deposit epitaxial α-Fe2O3 thin films from a stoichio-
metric target with a laser fluence and a repetition rate
of 2.5 J/cm2 and 2 Hz, respectively, at a substrate tem-
perature of 320◦C in an oxygen atmosphere of 25µbar.
Without breaking the vacuum, the films are then cov-
ered in-situ by thin layers of Pt via electron beam evapo-
ration. High-resolution X-ray diffractometry (HR-XRD)
measurements reveal a high structural quality of the α-
Fe2O3/Pt heterostructures. The 2θ-ω scan (Fig. 1(a))
shows only reflections from the epitaxial α-Fe2O3 thin
film, the Pt layer, and the Al2O3 substrate. No sec-
ondary crystalline phases are detected. A broad feature
below the α-Fe2O3(0006) reflection (grey shaded area)
can be assigned to Pt(111) expected at 39.8◦ and points
to a textured nature of the Pt top electrode. On an en-
larged scale (upper inset in Fig. 1(a)), satellites due to
Laue oscillations are detected around the α-Fe2O3(0006)
reflection, evidencing a coherent growth with low inter-
face roughness of the α-Fe2O3 thin film. The asymmetry
on both sides of the α-Fe2O3(0006) reflection is caused
by interference with the broad Pt(111) reflection. Fur-
thermore, α-Fe2O3 shows a low mosaic spread as demon-
strated by the full width at half maximum of the rocking
curve around the α-Fe2O3(0006) reflection of only 0.027
◦
(lower inset in Fig. 1(a)). The in-plane orientation and
strain state were investigated by reciprocal space map-
pings around the (1 0 1 10) reflections (Fig. 1(b)). They
reveal the epitaxial relations [0001]α-Fe2O3‖[0001]Al2O3
and [1010]α-Fe2O3‖[1010]Al2O3. We derive lattice con-
3stants of a = 0.505 nm and c = 1.372 nm very close to the
respective bulk values, indicating a nearly fully relaxed
strain state for our α-Fe2O3 films. Furthermore, low in-
terface and surface roughnesses of 0.90 nm and 0.76 nm
(rms values), respectively, are confirmed by X-ray re-
flectivity [44]. We note that up to now no clear recipe
has been established to prepare a monophase termination
of α-Fe2O3(0001) [45]. DFT-based calculations suggest
that a Fe termination containing half of the inter-plane
Fe is stable at low oxygen pressures [46]. Together with
an interface roughness of our sample exceeding the inter-
layer distance of 0.23 nm, this suggests that Fe3+ spins of
both magnetic sublattices (i.e. with opposite directions)
are present at the Pt/α-Fe2O3 interface. In summary,
our α-Fe2O3/Pt bilayer is of the same high structural
quality as the prototypical ferrimagnetic Y3Fe5O12/Pt
heterostructures reported earlier [21].
III. ANGLE DEPENDENCE OF THE SPIN
HALL MAGNETORESISTANCE
In the following, we discuss an α-Fe2O3/Pt bilayer
sample with thicknesses of tFe2O3 = 91.4 nm and tPt =
3.0 nm. For transport measurements, a Hall bar-shaped
mesa structure with a width of w = 81µm and a lon-
gitudinal contact separation (length) of l = 609µm
was patterned into the bilayer via photolithography and
Ar ion milling (Fig. 2). For a dc current of ±100µA
applied in the [1010] direction, the longitudinal (ρlong)
and the transverse (ρtrans) resistivities are measured in
a standard four-probe configuration. A current-reversal
method is applied to eliminate thermal effects [25]. We
restrict our investigation to room temperature, where the
(0001) plane is a magnetic easy plane. We perform angle-
dependent magnetoresistance (ADMR) measurements by
rotating an external magnetic field of constant magni-
tude H in three different orthogonal planes of the (0001)-
oriented α-Fe2O3 using the same notation as in Ref. 21
and Fig. 2(a-c): (0001) = “ip” (in-plane, angle α, black);
(1010) = “oopj” (out-of-plane perpendicular to j, angle
β, blue); (1210) = “oopt” (out-of-plane perpendicular to
t, angle γ, green).
For ip rotations at µ0H = 2 T, ρlong(α) displays the
characteristic SMR oscillations with 180◦ period (black
circles in Fig. 2(d)). The minima and maxima are lo-
cated at H‖±j and H‖±t, respectively, representing the
signature of the AF (“negative”) SMR [26–28] with a
phase shift of 90◦ compared to the ferromagnetic (“pos-
itive”) SMR in ferrimagnetic Y3Fe5O12/Pt [21, 22] or
γ-Fe2O3/Pt [47]. The SMR amplitude is almost satu-
rated at µ0H = 2 T (see below). We can safely assume a
monodomain state of the α-Fe2O3 thin film with the Ne´el
vector ` = (m1 −m2)/2 with mi = Mi/|Mi| rotating
coherently and perpendicular to H in the magnetic easy
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FIG. 2. ADMR of a (0001)-oriented α-Fe2O3/Pt heterostruc-
ture. The external magnetic field H is rotated in three differ-
ent planes: (a) in the film plane (ip, angle α), (b) perpendicu-
lar to the current direction j (oopj, β), and (c) perpendicular
to the transverse direction t (oopt, γ). The vector n de-
notes the film normal. (d) The longitudinal resistivity ρlong
is recorded at 300 K and 2 T for all three rotation planes: ip
(black circles), oopj (blue squares), and oopt (green triangles).
The black line is a fit to the ip data according to Eq. (1), the
blue and green lines are guides to the eye. The SMR am-
plitude of 0.25% (vertical black double arrow) is significantly
larger than in prototypical Y3Fe5O12/Pt structures. At the
high (low) resistivity level, α-Fe2O3 is in a monodomain state
with the Nee´l vector ` pointing parallel (perpendicular) to j
with H||t (H||j). For H||n, only occurring in oopj and oopt
geometry, α-Fe2O3 exhibits a multidomain state with medium
resistivity. The corresponding domain patterns are illustrated
to the right, besides the data plots.
(0001) plane. The data are well described by
ρlong = ρ0 +
ρ1
2
(1− cos 2α) (1)
ρtrans = −ρ3
2
sin 2α (2)
(black line in Fig. 2(d)) with ρ0 approximately equal to
the normal resistivity of the Pt layer and ρ1 and ρ3 rep-
resenting the longitudinal and the transverse SMR co-
efficients, respectively [44], as demonstrated earlier for
AF NiO/Pt [27]. However, the SMR amplitude of 0.25%
for α-Fe2O3/Pt is more than a factor of 3 higher than
for NiO/Pt and, remarkably, even twice as large as for
the prototypical ferrimagnetic Y3Fe5O12/Pt heterostruc-
tures with similar Pt thickness [21]. In fact, it is larger
than for any other reported bilayer compound so far.
4We attribute this to the large density of magnetic Fe3+
ions in α-Fe2O3. With a spin Hall angle of 0.11 and
a spin diffusion length of 1.5 nm for Pt [31], we calcu-
late Gr = 1.38× 1015 Ω−1m−2 for the real part of the
spin mixing interface conductance. Although the situa-
tion regarding the magnitude of Gr is confusing since the
values reported in the literature are obtained from differ-
ent techniques and are not fully comparable to each other
[48], our value is of the order of all-metallic ferromagnetic
interfaces [49, 50]. It is consistent with that reported by
Cheng and coworkers for antiferromagnetic α-Fe2O3/Pt
[51], and about one order of magnitude larger than for
ferrimagnetic Y3Fe5O12/Pt heterostructures [21, 31].
The ADMR of the out-of-plane rotations is qualita-
tively different. For oopj rotations of H, we observe ρlong
in the maximum resistive state for a wide range of angles
β around H‖±t (blue squares in Fig. 2(d)), indicating a
monodomain state with `‖±j. For the oopt geometry, on
the other hand, ρlong stays in the minimum resistive state
for a wide range of angles γ around H‖±j (green trian-
gles in Fig. 2(d)), indicating again a monodomain state
with `‖±t. Both observations show that ` does not follow
H for out-of-plane rotations. ρlong changes significantly
only close to H‖±n: both oopj and oopt curves meet
for magnetic fields perpendicular to the sample surface
at the midpoint of the two states with extremal resis-
tance. According to the SMR model for a multidomain
antiferromagnet [27], we interpret this observation with
the “decay” of a monodomain into a three-domain state
when H points orthogonal to the magnetic easy (0001)
plane of α-Fe2O3, in agreement with a recent preprint
[51].
IV. FIELD DEPENDENCE OF THE SPIN HALL
MAGNETORESISTANCE
To obtain further insight into the AF domain config-
urations, we perform ip ADMR measurements of both
ρlong and ρtrans at different magnitudes of the mag-
netic field from 10 mT to 17 T (Fig. 3). The expected
(− cos 2α) and (− sin 2α) dependencies of ρlong and ρtrans,
respectively, are clearly observed for µ0H ≥ 300 mT
(Fig. 3(b-e)). This angular dependence is fully consis-
tent with the model introduced earlier for NiO/Pt [27]
and Eqs. (1) & (2) and clearly shows that our α-Fe2O3
is AF with the resistivity of Pt being sensitive to `,
which rotates coherently in the easy (0001) plane per-
pendicular to H. The data is further fully consistent
with recent experiments in Pt on canted ferrimagnets,
where the same angular dependence is observed close
to the compensation temperature [25], as well as exper-
iments in Y3Fe5O12/NiO/Pt [52–55] and NiO/Pt [26–
28]. For µ0H . 100 mT, the applied field is smaller than
µ0HMD, resulting in hardly detectable SMR oscillations
(Fig. 3(a)).
For a detailed analysis of the field dependence of ρlong
and ρtrans, we fit our data analogous to Eqs. (1) & (2)
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5using cos 2α and sin 2α functions, respectively, (solid
lines in Fig. 3) and plot the SMR amplitudes SMRlong
and SMRtrans (double arrows in Fig. 3(e)) as a func-
tion of the magnetic field magnitude in Fig. 4. Remark-
ably, SMRtrans exceeds SMRlong for fields above 100 mT.
This unexpected observation may indicate the presence
of large 180◦ domains in α-Fe2O3, exceeding the width of
the Hall bar. Thick 180◦ domain walls, present only along
the length of the Hall bar, might then effectively reduce
the SMR in the longitudinal voltage, but not in the trans-
verse one. We note that such large domains and thick do-
main walls have been reported for (0001)-oriented bulk
material at moderate magnetic fields [40, 56, 57], but
cannot be resolved in (0001)-oriented thin films at room
temperature in zero magnetic field [58].
Furthermore, the field evolution of the SMR amplitude
is qualitatively different from the one in AF NiO/Pt [27].
In α-Fe2O3/Pt, we find that both SMRlong and SMRtrans
saturate already around 3 T and then gradually decrease
again from 5 T to 17 T. This gradual decrease can be
traced back to an increasing canting of the AF sublattices
thus reducing the value of ` and an emerging non-zero net
M [44]. The fast saturation, on the other hand, points to
a lower destressing energy compared to NiO. The field de-
pendence of the SMR amplitude indicates that the 120◦
domains in our α-Fe2O3 thin film vanish at ' 3 T where
the SMR amplitude starts to saturate (Fig. 4). To quan-
tify the destressing effects, we identify 3 T with the mono-
domainization field HMD, since the leftover 180
◦ domains
have indistinguishable destressing energy density. With
an exchange field of µ0Hex = 900 T [40, 59], we derive
a destressing field µ0Hdest = µ0H
2
MD/(4Hex) ' 2.5 mT,
smaller than the 46 mT in epitaxial NiO thin films on
Al2O3 [27]. This value is reasonable, since the mag-
netostriction λ = 4 × 10−6 in the basal plane of α-
Fe2O3 at 293 K [60] is by a factor of ∼ 20 smaller than
λ = (9± 3)× 10−5 in NiO [61].
V. CONCLUSION AND OUTLOOK
In summary, we present a detailed investigation of the
SMR in antiferromagnetic α-Fe2O3/Pt heterostructures
at room temperature studying three orthogonal rota-
tion planes of the magnetic field. We consistently de-
scribe the angular dependence of the data in a three-
domain model, considering a field-dependent canting of
the AF sublattices. Our data supports the picture that
each magnetic sublattice contributes separately to the
SMR. Surprisingly, we find a large SMR amplitude of
0.25%. This value well exceeds the established values
for Y3Fe5O12/Pt or any other Pt-based thin film het-
erostructures reported in literature so far. AF materials
are therefore expected to play an important role in SMR-
related research and applications. Due to the small de-
stressing field, the SMR amplitude reaches 0.20% (corre-
sponding to 4/5 of its maximum value) already at 300 mT,
i.e. at much smaller magnetic fields than in comparable
AF NiO/Pt heterostructures [27]. This combination of
high sensitivity at low magnetic fields and room tem-
perature operation makes α-Fe2O3/Pt a promising ma-
terial system both for a viable SMR source and future
spin transfer torque based devices. The large spin mix-
ing interface conductance of 1.38×1015 Ω−1m−2 makes it
further suitable for spin current-induced magnetization
switching or other spin transfer torque-based applications
in the emerging field of antiferromagnetic spintronics.
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6SUPPLEMENTAL MATERIAL
For completion and confirmation of our results, we
present here additional data from the α-Fe2O3/Pt het-
erostructure investigated in the main text (in the fol-
lowing referred to as “sample#1”) with layer thicknesses
of tFe2O3 = 91.4 nm and tPt = 3.0 nm for α-Fe2O3 and
Pt, respectively, as well as additional data from a sec-
ond sample with tFe2O3 = 108.5 nm without Pt top layer
(“sample#2”) and a third sample with tFe2O3 = 61.5 nm
and tPt = 1.8 nm (“sample#3”). All samples are fabri-
cated as described in the main text on (0001)-oriented
Al2O3 substrates. We further summarize the mathemat-
ical description of the in-plane SMR oscillations in sys-
tems with two antiparallel sublattice magnetizations.
SUPPLEMENTAL MATERIAL: INTERFACE
AND SURFACE CHARACTERIZATION
We determine the thicknesses and roughnesses of our
bilayer samples via high-resolution X-ray reflectivity. A
simulation of the data from sample#1 (Fig. 5) reveals
91.4 nm and 3.0 nm for the thicknesses of the α-Fe2O3
and the Pt layer, respectively. The interface roughness is
found to be 0.90 nm (rms value) and the surface rough-
ness 0.76 nm (rms value).
Additionally, we investigate the surface morphology on
the micrometer scale of a second sample without Pt top
layer (sample#2). The AFM image shows a smooth sur-
face over 5 × 5µm2 (Fig. 6). A careful analysis reveals
an α-Fe2O3 surface roughness of 0.13 nm (rms value).
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FIG. 5. X-ray reflectivity data (blue line) from the α-
Fe2O3/Pt heterostructure investigated in the main text, fabri-
cated on a (0001)-oriented Al2O3 substrate (sample#1). The
red line shows the simulation of the data assuming thicknesses
of 91.4 nm and 3.0 nm for the α-Fe2O3 and Pt layers, respec-
tively.
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FIG. 6. Atomic force microscopy (AFM) image of a single
α-Fe2O3 thin film with a thickness of 108.5 nm, fabricated on
a (0001)-oriented Al2O3 substrate (sample#2).
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FIG. 7. Magnetic hysteresis of sample#1. The magnetiza-
tion M (black squares) is plotted as a function of the magnetic
field H, applied in the film plane, at 350 K. A linear back-
ground, mainly originating from the diamagnetic substrate,
was subtracted from the data. The green lines are guides to
the eye.
SUPPLEMENTAL MATERIAL: MAGNETIC
CHARACTERIZATION
We measure the magnetization M of the α-Fe2O3/Pt
heterostructures via superconducting quantum interfer-
ence device (SQUID) magnetometry at T = 350 K. The
magnetic field of up to µ0H = 7 T is applied in the film
plane, i.e. in the magnetically easy (0001) plane of α-
Fe2O3. After subtracting a linear background, originat-
ing mainly from the diamagnetic Al2O3 substrate, we ob-
serve a step-like behavior in the M versus H curve with
a small hysteresis around zero field and a low saturation
magnetization of Ms ' 10 kA/m (Fig. 7). This value is
compatible with the canted arrangement of the antiferro-
magnetically ordered sublattices in the (0001) planes at
T > TM. From S = 5/2 for Fe
3+ and with an ion density
of nFe3+ = 39.81 nm
−3 [35], we deduce a canting angle of
the magnetic sublattices of 0.31◦ away from their antifer-
romagnetic orientation in agreement with values reported
781 µm
(a) (b)
FIG. 8. (a) Schematic view of the Hall bar mesa structure.
For details see text. (b) Micrograph image (top view) of the
patterned Hall bar on sample#1, showing the geometrical di-
mensions and 10 bond pads with bonding wires.
for α-Fe2O3 bulk samples [40] and nanoparticles [59].
We note that the diamagnetic signal from the substrate
is not known accurately enough to allow for an exact sub-
traction. We instead remove a linear background from
the magnetization data which contains also other con-
tributions, i.e. the Pauli paramagnetism of Pt and the
field-dependent canting effect in α-Fe2O3. Therefore, the
magnetization data in Figure 7 cannot fully reproduce
the field dependence of the SMR amplitude (cf. Fig. 4
of the main Letter), saturates earlier at µ0Hs = 700 mT,
and does not increase at large magnetic fields.
SUPPLEMENTAL MATERIAL: HALL BAR
GEOMETRY
For the transport measurements, we use a Hall bar ge-
ometry to apply an electrical current I and determine the
longitudinal and transverse voltages Vlong and Vtrans in a
standard four-probe configuration (Fig. 8(a)). From the
measured Vlong and Vtrans, we calculate the longitudinal
and transverse resistivities ρlong and ρtrans according to
ρlong =
Vlongwt
Il
(3)
ρtrans =
Vtranst
I
(4)
where l, w, and t are the length, the width, and the thick-
ness of the metallic Pt layer of the Hall bar, respectively.
The Hall bar is patterned via photolithography and Ar
ion milling with the nominal dimensions l = 600µm and
w = 80µm, resulting in an aspect ratio of l/w = 7.5.
The real dimensions were determined afterwards from an
optical micrograph image (Fig. 8(b)) to l = 609µm and
w = 81µm, maintaining the same aspect ratio.
SUPPLEMENTAL MATERIAL:
MATHEMATICAL DESCRIPTION OF THE
IN-PLANE SMR OSCILLATIONS
In bilayer heterostructures consisting of a heavy metal
(e.g. Pt) on a ferrimagnetic (e.g. Y3Fe5O12) or antiferro-
magnetic (e.g. α-Fe2O3) insulator with 2 magnetic sub-
lattices, the modulation of the resistivity tensor ρ of the
metallic layer due to the SMR effect depends on the direc-
tions m(1) and m(2) of the magnetizations of each mag-
netic sublattice [25]. The diagonal component of ρ along
the charge current direction j, i.e. the longitudinal resis-
tivity ρlong, is then given by [22, 25]
ρlong = ρ0 +
1
2
2∑
i=1
ρ
(i)
1
[
1−
(
m(i)) · t
)2]
= ρ0 +
1
2
2∑
i=1
ρ
(i)
1
[
1−
(
m
(i)
t
)2]
, (5)
where ρ0 is approximately equal to the normal resistiv-
ity of the metallic layer [22] and ρ
(i)
1 represent the SMR
coefficients of the magnetic sublattices with ρ
(i)
1  ρ0.
m
(i)
t denote the projections of m
(i) on the transverse di-
rection t (perpendicular to j in the j-t-interface plane,
see Fig. 8(a)).
From a similar consideration, the transverse resistivity
ρtrans is given by [21, 22, 25]
ρtrans =
1
2
2∑
i=1
ρ
(i)
3 m
(i)
j m
(i)
t (6)
with the transverse SMR coefficients ρ
(i)
3  ρ0. m(i)j are
the projections of m(i) on the current direction j.
When defining ϕ(i) as the angle between j and m(i)
and assuming that the sublattice magnetizations stay in
the j-t plane, ρlong and ρtrans depend on ϕ
(i) as
ρlong = ρ0 +
1
2
2∑
i=1
ρ
(i)
1
[
1 + cos 2ϕ(i)
]
(7)
ρtrans =
1
2
2∑
i=1
ρ
(i)
3 sin 2ϕ
(i) . (8)
In the above description, any canting between the mag-
netic sublattices is neglected such that they are oriented
antiparallel with ϕ(2) = 180◦ + ϕ(1).
We now apply a rotating external magnetic field H
in the j-t plane where α is the angle between j and H
(see Fig. 8(a)). Neglecting any magnetic anisotropy or
domain effects, the net magnetization and thus the sub-
lattice magnetizations in ferrimagnets will follow H and
ϕ(1) ≡ α [21]. Eqs. (7) and (8) then read
ρlong = ρ0 +
ρ1
2
[1 + cos 2α] (9)
ρtrans =
ρ3
2
sin 2α (10)
8with ρ1 = ρ
(1)
1 + ρ
(2)
1 and ρ3 = ρ
(1)
3 + ρ
(2)
3 .
In antiferromagnets, however, the sublattices are ori-
ented perpendicular to H, resulting in ϕ(1) ≡ 90◦ + α
[27]. Eqs. (7) and (8) then read [27]
ρlong = ρ0 +
ρ1
2
[1− cos 2α] (11)
ρtrans = −ρ3
2
sin 2α . (12)
Because of the minus signs in these equations, the SMR
in antiferromagnets is sometimes referred to as negative
spin Hall magnetoresistance.
From fits of the experimental data to the above equa-
tions, we finally determine the SMR amplitudes
SMRlong =
ρ1
ρ0
(13)
SMRtrans =
ρ3
ρ0
(14)
which we analyze as a function of the magnitude H of
the external magnetic field.
SUPPLEMENTAL MATERIAL: LONGITUDINAL
AND TRANSVERSE SMR AMPLITUDES
The observed discrepancy between the longitudi-
nal and the transverse SMR amplitudes SMRlong and
SMRtrans is a robust feature in our samples. To address
this behavior, we investigate another (0001)-oriented α-
Fe2O3/Pt heterostructure (sample#3) with the same di-
mensions of the Hall bar, but with a thinner Pt layer
(tPt = 1.8 nm). Again, we apply a dc current of 100µA
while rotating a magnetic field of up to 7 T in the film
plane at 300 K. Compared to sample#1, the overall SMR
signal is only about half as large (Fig. 9). This becomes
clear when recalling that the SMR amplitude crucially
depends on the thickness of the Pt layer and drasti-
cally decreases when it becomes thinner than twice of
0 1 2 3 4 5 6 70 . 0
0 . 5
1 . 0
1 . 5
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FIG. 9. SMR amplitudes SMRlong (black circles) and
SMRtrans (red squares) of sample#3, derived from in-plane
ADMR measurements at room temperature in different ex-
ternal magnetic fields H.
the spin diffusion length in Pt, as reported earlier for
Y3Fe5O12/Pt [21, 31]. Even more important, however,
the transverse SMR amplitude again exceeds the lon-
gitudinal one (SMRlong) and both saturate around 3 T
(Fig. 9), like in sample#1. This behavior fully repro-
duces the previous results described in the main Let-
ter. In a smaller Hall bar with 160 × 2µm2 dimen-
sions (not shown here), however, we did not observe this
discrepancy. Moreover, we note that we used the same
600 × 80µm2 Hall bar lithography mask and pattern-
ing process as well as the same deposition chambers and
magnetotransport setups in our earlier SMR studies of
Y3Fe5O12/Pt [21] and NiO/Pt [27] and have never ob-
served such a discrepancy before. In view of this, our
results from sample#3 are fully consistent and confirm
our assumption of the main Letter that 180◦ domains
larger than the width of the Hall bar but smaller than its
length are present in our α-Fe2O3 thin films.
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